Estimating bird density from point counts

Great Basin Bird Observatory

Data from point counts are recorded as a list of birds seen or heard, and an estimation of the distance to each one from the observer. The distance can be estimated precisely or within general zones. Most GBBO point counts follow a protocol that places each bird within one of three zones:  within 50 m, 50-100 m, and over 100 m.
The simplest way to estimate density from these data is to use the data for birds within 100 m (the first two zones) and assume that we have seen all the birds within that area (see below for a discussion of that assumption). Therefore, a circle with a radius of 100 m covers an an area of 3.14 ha = Pi x (100 m)2. If, for example, 4 Sage Sparrows are counted at a given point, that is a density of 8 birds /3.14 ha = 1.274 birds / ha. This is often standardized to a 40 ha area as (40)1.274 = 50.9 birds / 40 ha. If we have many points (as in a transect), we can average the density of Sage Sparrows across all of the points to get a transect-level density. 
Many transects were surveyed in multiple years, and some were surveyed multiple times within a year, and in these cases we avoided bias by using a single average density for a given transect. Averages for each transect were then averaged again to create the overall density estimate. For a given species, we averaged densities only from the transects where the bird was present (i.e., zero-density transects were not used). This step was necessary to avoid skewing results for birds whose geographical range in Nevada is smaller than the spatial extent of the habitats they use. The best way to interpret our density estimates, therefore, is that they provide an indication of the average habitat-specific density of a given bird within the parts of the state where they occur. 
Again, this assumes that we are detecting all of the birds within 100 m. But we know this is not really true for most bird species. Some conspicuous species may be detected 90% of the time or more, whereas more unobtrusive species may be seen less than 50% of the time. If we have an estimate of this detectability percentage, we can use it to estimate the real density in the area. For example, if have some data indicating that we typically only count 80% of the Sage Sparrows that are actually present around a point, then the density we calculated (101.92 birds /40 ha) would be divided by 0.8, giving us an improved estimate of 63.7 birds /40 ha. 

There are many ways to estimate species-specific detectability, none of which are perfect, and the NBC protocol incorporates several of them. Probably the best, but also the most labor-intensive, is our double-sampling effort, which uses intensive area searches at a subset of point-count transects to estimate species-specific detectability. Results to date show that for moderately vocal or visible species, the 10-minute survey protocol for point counts results in a detection ratio of close to 1.0 within a 100 m distance (all birds present are detected). Therefore, all NBC-based analyses (in particular, densities and population size estimates) presented in the Bird Conservation Plan assume a detection ratio of 1.0. All cryptic species, or species groups known to be poorly sampled by NBC, are assumed to have a detection ratio of significantly < 1.0, and these species are excluded from NBC-based analyses.
